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Abstract 

A method was developed for the estimation of 241Am present in the cemented waste block 

which was cylindrical in shape. In such large sample, the attenuation of gamma rays increases 

with size of the sample and density of the material present. Attenuation correction was 

incorporated using linear attenuation coefficient of 59.54 keV gamma ray of 241Am. Also in such 

large samples, error due to the distribution of activity is more. Estimation of 241Am in the 

cemented sample was carried out by applying corrections for attenuation and for the sample 

geometry. 

 

Key Words: Alpha active waste, Cemented waste, Gamma ray counting, HPGe detector, 241Am, 
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Introduction 

 

The effluent obtained during recovery of plutonium by anion exchange method was 

found to contain appreciable amount of 241Am which was present due to the decay of 241Pu. 

Americium was separated by co-precipitation with ferric hydroxide and a part of the precipitate 

was immobilized in cement. The assay of 241Am in this waste was required for nuclear material 

accounting as well as for the assessment of radiological hazards.  Most of the actinides have low 

gamma ray energies and very low abundances. Hence, it becomes difficult to estimate the 

actinides in the presence of high density materials.  

The nuclear waste samples can be analyzed by various instrumental and radio-analytical 

techniques [1] if it is available in small size or in the form of a liquid. In case of large samples, 

the error due to the distribution of activity increases with the size of the sample. This error is 

more prominent when the distance between the sample and detector is small. However, error 

reduces as the distance of the sample from the detector increases. The attenuation of the gamma 

rays within the sample increases with the size of the sample and density of the material. In case 

of uniform samples, the attenuation correction can be incorporated using the linear attenuation 

coefficient of gamma rays. The procedure used for the determination of attenuation correction 

factors during the estimation of plutonium in 200 litre waste drum [2] was modified and adopted 

for the determination of attenuation correction factors during estimation of 241Am in cemented 

waste block. The amount of 241Am in the cemented sample was estimated by incorporating the 

attenuation correction factor and also taking into consideration the variation in the efficiency for 

the required geometry.  
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Experimental 

 

Sample description 

The cemented sample was in the form of a cylinder having a diameter of 160 mm and a 

height of 187 mm. The weight of the sample was 7.6 Kg with an average density of 2.02 g/cm3. 

 

Calibration of 241Am standard point source  

Efficiency calibration of HPGe detector for the required geometry of the sample involves 

the determination of gamma ray efficiency as a function of energy. Since standards were not 

available in the required geometry of the cemented sample, efficiency for the cemented sample 

was determined using the efficiency of a standard point source. A point source of 241Am was 

prepared on perspex plate using known activity of 241Am. This source was counted on HPGe 

detector at a distance of 100 mm. The efficiency calibration of HPGe detector was carried out 

using standard point sources of 133Ba and 152Eu at the same distance of 100 mm from the HPGe 

detector. 

 

Counting of cemented americium sample 

Activity present in the cemented sample was found to be very high resulting in high dead 

time of the HPGe detector system. Hence, the cemented sample was counted at a larger distance 

of 450 mm from the HPGe detector so as to have suitable count rate for the standard as well as 

the cemented sample. Gamma ray counting for the cemented sample was carried out for a 

sufficiently long time so as to have minimum error due to counting statistics.  

 

Counting of standard point sources of 241Am  

Standard point source of 241Am was also counted at a distance of 450 mm from HPGe 

detector. Gamma ray spectrum analysis was carried out using program DSPG [3] so as to 

eliminate any manual bias in the detection of peaks and calculation of their areas. Dead time 

correction was applied [4] to arrive at the corrected count rate for all the gamma rays. 

Background counting was carried out for a sufficiently long time and the background corrected 

count rate was determined for all the gamma rays of the sample and standards. 
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Estimation of amount of 241Am in the sample 

The ratio of the count rate for the 59.54 (35.9%) keV gamma ray of 241Am present in the 

cemented sample (CSam) and standard point source of 241Am (CStd) were used to determine the 

amount of 241Am present in the cemented sample. Other gamma rays of 241Am i.e. 98.97 keV 

(0.0203%) and 102.98 keV (0.0195%) could not be used because of their very low intensity. 

 

Results and Discussion 

 

Determination of the activity of standard point source of 241Am 

The efficiency obtained using 133Ba and 152Eu sources at a distance of 100 mm matched 

with each other in the overlapping energy region. Efficiency calibration data [5] was fitted to two 

quadratic equations (above and below 300 keV) on log-log scale. The fitted parameters were 

used to determine the efficiency at 59.54 keV gamma ray energy of 241Am. This efficiency was 

used to determine the activity (Amstd) for the standard point source of 241Am and was found to be 

45859 Bq. 

 

Determination of the activity of cemented americium sample  

The error in the determination of amount of 241Am due to the efficiency calibration and 

abundances of the gamma rays get eliminated by taking the ratio of the count rate of the sample 

and standard. The ratio (RSamStd) of the count rate for the cemented sample (CSam) and the 

standard point source (CStd) was determined as: 

RSamStd = CSam / CStd (1) 

This ratio of the count rate for the cemented sample and standard point sources of 241Am 

was used to determine the activity of 241Am (AmSam) present in the cemented sample. 

AmSam = RSamStd  * Amstd (2) 

The amount of Am obtained using equation (2) needs to be corrected for variation in the 

efficiency due to large sample geometry and attenuation of the gamma rays within the sample.  

 

Determination of ratio of efficiency for the cemented sample to point source 

A large sample can be considered as large number of point sources physically distributed 

throughout the sample volume. The large cylindrical sample can be considered to be consisting 

of a number of concentric circular discs. Each disc can be considered to be consisting of a large  



4 
 

 

number of concentric circles and average ratio of the efficiency was calculated using developed 

computer program for all such circles. Efficiency changes as the inverse square of the distance of 

the sample from the detector. The efficiency at any point (εx) on the circumference of the circle 

can be related to the efficiency at the centre (εc) of the circle as:  

Efficiency at the centre of the sample = εc = εo / c
2 and 

Efficiency at any point on the circular disc = εx = εo / x
2 = εc . c

2 / x2 

where, 

εo= Efficiency at the centre of the detector (distance = 0) assuming detector to be a point detector 

c = Distance of the centre of disc from the detector 

x= Distance of any point on disc from detector 

 

The average ratios of the efficiency (εx/εc) for the circular disc and point source were 

determined for all the points on the circumferences of all concentric circles with a step of one 

degree for a better average value. These calculations were extended for the whole cylindrical 

sample and overall average ratio of the efficiency for the cement sample and point source was 

determined (εRSamPoint = 1.01). This correction in efficiency was found to be small as the distance 

between the sample and the detector was large (450mm). Using this ratio, the geometry corrected 

(AmSamGeo) amount of 241Am in the cemented sample was determined. 

AmSamGeo = AmSam / εRSamPoint (3) 

 

Determination of attenuation correction factor (Cf) 

The attenuation of gamma rays within the sample increases with the size and density of 

the material present in the sample.  The 59.54 keV gamma ray of 241Am gets attenuated as the 

size of the sample increases. Hence, it was necessary to carry out the attenuation correction for 

59.54 keV gamma ray in the cemented sample. In case of uniform samples, the attenuation 

correction can be incorporated using the linear attenuation coefficient of gamma rays. The 

general equation for transmission of gamma rays through an absorber is given by:  

0
dI I e   

(4) 

Where,  

I0 = Intensity of unattenuated gamma ray  

I = Intensity of transmitted gamma ray  
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 = Linear attenuation coefficient 

d = Thickness of the absorber (length of line source) 

The attenuation correction factor (Cf) for the attenuation of gamma rays in case of a 

cylindrical sample [6] is given by the equation:  

41
4

d

f
d

C e
           

 
 

(5) 

The attenuation correction factor needs the determination of  for the required energy of 

gamma ray whose intensity is to be measured. Since it was difficult to determine the linear 

attenuation coefficient at the required energy due to high intensity of the gamma rays of 241Am 

within the sample, hence, the attenuation coefficient was determined using indirect method. The 

mass attenuation coefficient for the nearby density of cement was obtained from the literature 

[7]. The required correction for the density of cemented sample was incorporated in the 

calculations. Using equation (5) the attenuation correction factor for the 59.54 keV gamma ray of 
241Am was obtained.   

Since the cemented sample was large and cylindrical, hence, all the gamma rays get 

attenuated to different thickness depending on the angle subtended along the axis of the HPGe 

detector. The gamma rays from the tangential portion will be least attenuated. The sample was 

divided into a number of strips depending on the angle subtended along the axis of the HPGe 

detector and attenuation correction factor was determined for each strip. 

The average value of the attenuation correction factor (AttCf) in the cement sample for the 

59.54 keV gamma ray was found to be 4.31, which was used to determine the corrected amount 

of 241Am present in the cement sample. Attenuation and geometry corrected amount of 241Am in 

the sample is: 

AmSamGeoAtt = AmSamGeo * AttCf (6) 

 

The amount of 241Am in the cemented sample was found to be 0.537 mg after applying 

the corrections for the attenuation and cylindrical geometry. Since the distance of the source 

from the detector was kept large (450mm), hence, the error in the determination of the average 

ratio of the efficiency for the cement sample and point source was found to be very small. The 

attenuation correction factor for the 59.54 keV gamma ray of 241Am was found to be large as the 

energy of the gamma ray is low. There can be uncertainty in the literature value for the mass 

attenuation coefficient and its correction for the required density of the cement. Hence, the major 
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contribution to the error will be because of attenuation correction. The over all error can be up to 

~12%.   
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